Vibroacoustic therapy is a recently recognized technology that uses sound in the audible range to produce mechanical vibrations that are applied directly to the body. The technology uses speakers or transducers placed within mats, mattresses, chairs, recliners, tables, or soft furniture to provide a physiologic and auditory experience. Benefits include pain management, anxiety relief, symptom reduction, physical therapy, and health improvement.
Research and/or development of vibroacoustic use include applications to manage pain; reduced symptoms for patients in chemotherapy; reduce stress; distract patients during biopsies, aspirations, and other procedures; increase range of motion (ROM) and muscle tone and in physical therapy or rehabilitative therapy following knee replacement; help prepare patients for surgery or those who are recovering; and provide sensory stimulation for people who are hearing impaired and developmentally disabled.
Vibroacoustics can also increase quality of life and be used to manage behavior in psychiatric settings, geriatric facilities, child life centers, and palliative care facilities.
Background and History
Vibrations in the audible range have been used to help bring patients back to mental, physical and emotional balance in many cultures, 1,2 Current medical technology utilized vibration in varying degrees of intensity and frequency. Ultrasonic frequencies, above the audible range, assist with diagnoses via ultrasound technology. Very high-frequency vibrations are used to shatter kidney stones and to treat tissue contractures. Complementary health practitioners use forms of inaudible sound below 20 Hz for infrasonic vibratory treatment, such as sound waves used by chiropractors to relieve joint and muscle pain.
Vibroacoustic equipment was developed between 1970 and the late 1980s when innovative individuals recognized the value of felt vibrations combined auditory effects of music or sound. Norwegian educator and therapist Olav Skille experimented with low-frequency sounds between 20 and 120 Hz to generate vibrations for children with severe physical and mental handicaps. He developed the first VibroAcoustic Chair (Skille, Levanger, Norway) in the late 1980s, using one pulsed, sinusoidal frequency as the sound source for generating vibrations blended with music for listening. 4 In the 1970s, Petri Lehikoinen, a clinical psychologist at Helsinki University, Finland, created the physioacoustic method based on scanning the body with sinusoidal sound between 27 and 113 Hz and specially selected listening music.
Key Acoustic and Vibration Characteristics
Vibroacoustic technology is based on key acoustic principles. Sound frequencies that are input into vibroacoustic devices become mechanical vibrations felt by the body. A significant acoustic consideration in vibroacoustic design is how vibrations are received and experienced by patients. Important factors include the resonance characteristics of the vibrating surface, or vibrating membrane, and the spatial distribution of vibrations over the surface.11 Variation in how materials receive sound can make a significant difference in the vibration a patient receives.
Placement of speakers or transducers in the equipment and the resonant quality of the vibrating membrane affect the spatial distribution of vibrations across the surface. The surface area displaced by a person on the equipment and his or her weight can also affect spatial distribution. The pattern of vibration dispersion will determine which parts of the body receive vibration dispersion will determine which parts of the body receive vibration and to what degree this happens. Most designers have experimented with these elements and each model has different qualities and patterns of resonance.
The sound stimulus may use specific frequencies with or without music. Various sound properties can be manipulated to attain specific experiences. Sine waves have been historically considered to have unique health benefits in many cultures and are used in some vibroacoustic models. A sine wave, or pure tone, flows with a precisely matched increase and decrease of amplitude. Visually, sinusoidal waves have a smoothly rising and falling curvature exactly replicated with each cycle. These pure tones are used in some models because they do not produce overtones that could affect the vibration experience or alter the frequency dose.
Some vibroacoustic designs focus on the application of sound frequencies between 27 and 135 Hz and experimentation has indicated the resulting mechanical vibrations create strong physical responses in patients.4,5,13 Use of these frequencies with Skille's VibroAcoustic equipment and selective low-frequency (SLF) models using speakers is also necessary because of the way the ear amplifies frequencies above 135 Hz* (note. The range of 60-600 Hz has been emphasized in certain vibroacoustic applications because this frequency range is known to stimulate Pacinian corpuscles, which play a key function in pain perception.11,14-16 Most models (note -Such as the Tactile Sound Tables and Mats built by Inner Soulutions at Vibroacoustic.org) also incorporate full-frequency music at least for listening, based on benefits that have been recognized in music therapy,17,18 and to provide a more interesting experience for patients.
Sound Vibration Processing
Sound vibration-processing techniques are used in some vibroacoustic designs to create patterns of sound that affect the experience of felt vibrations. Pulsed sound originated from VibroAcoustic technology while the physioacoustic method developed pulsation, scanning and directionality. These techniques may be generated during treatment but may also be used as compositional techniques in prerecorded music.
Pulsed sound blends two relatively close frequencies, for example, 70 Hz and 70.5 Hz. Together, they produce a fast-pulsed sound. Musicians would say the frequencies in this example are "out of tune" with on another.
Sound is most often pulsed in vibroacoustics at a slow rate of speed. It is believed that pulsed sounds create a more pleasant sensation for patients and add a relaxing element to treatment. 4 Research by Tony Wigram, associate professor at the Institute for Music and Music Therapy, Aalborg, Denmark, compared pulsed sound lengths of 6, 10 and 14 seconds, peak to peak, and a pure sinusoidal tone. Subjects in this study expressed personal preferences for more slowly pulsed sound waves but study data did not confirm that slower-pulsed sounds induced greater relaxation.
Pulsation varies the volume of low-frequency sound within a certain time sequence. Based on the theory that continual vibration may cause numbness in the body, alternating periods of more and less intense vibration in pulsation are believed to alleviate stimulation fatigue, or overstimulation, and to increase treatment effectiveness. Experimentation with SLF designs indicated that prolonged stimulation may cause muscle contractions that can be avoided via pulsation and that pulsation can induce greater muscle relaxation.
Scanning was originally developed to increase muscle relaxation through the physioacoustic method. The theory behind scanning is that each muscle resonates to a specific and unique frequency. Frequencies are scanned above and below approximate known resonant frequencies of target muscle(s). Physioacoustic explanations indicate that approximate resonant frequencies have been determined in physiotherapy and research at Stockholm's Karolinska Institute in Sweden has supported this principle.5 Within the scanned frequency spectrum the target muscle(s) will, at some time, resonate with the frequency with which it has an innate resonance and receive benefit from this stimulation. Scanning is designed so that the desired frequency will be stimulated dozens of times in a single vibroacoustic session. Each time the muscle responds, greater relaxation is believed to occur.13 This theory is based on the physics principle of sympathetic resonance and is believed to work with body tissues as well.
The principle of directionality refers to movement of sound vibrations from one speaker or transducer to another. The movement is felt as a wave of vibration up or down the body and can enhance the vibroacoustic experience.
Music in Vibroacoustics
While specific frequencies and vibration processing techniques have proven to be effective in vibroacoustics, music may also hold essential value. Research has shown that live and recorded music can be used in treating illness and maintaining health.
Chesky, Michel, and Kondraske presented the Two-Pronged Approach conceptual model of vibroacoustics, highlighting the powerful synergy created from integration of physiologic sound vibration and psychological stimulation from music listening.11 Vibration and music together may be more powerful than either element independently and may be especially useful in certain instances.
An important aspect of music in vibroacoustics may be the broad range of frequencies within music. The effects achieved with SLF techniques may occur naturally in the wider range of frequencies in music. There are also potential benefits or problems from the overtone frequencies within music as opposed to the pure sine waves used in some methods.
Most vibroacoustic technologies use music either in addition to low frequencies for listening benefit or as the primary stimulus. A patient's enjoyment of music may play a key role in motivating the use of vibroacoustics. The majority of patients are interested in using vibroacoustics because it is a treatment modality that is pleasing and comforting, unlike many invasive and potentially unpleasant medical procedures.
Recorded music has been designed specifically to enhance vibroacoustic effects and some commercial recordings also work well. The MVT has the ability to process frequencies within any music selection, thus offering unlimited music selection options and allowing patients to choose their own music for effective treatment.
Vibroacoustic Technology
Three basic vibroacoustic systems have evolved. I have categorized these as full frequency music (FFM), selective low frequency (SLF), and quantified mechanical vibration (QMV) systems (notethe Tactile Sound Tables and Mats fit into both the FFM and SLF). FFM systems have demonstrated effectiveness for initiating relaxation, reducing anxiety, and assisting in pain management. FFMs use multiple speakers or transducers to project musical vibrations to the body from a single source. Generally, a standard sound system is used, although FFM equipment has the potential to be driven through a computer or other electronic instrument.
Other than the standard amplifier adjustments used in commercial sound systems, felt vibrations are not processed, monitored, or measured in FFM designs and doses cannot be determined.
Music has been composed for FFM systems to maximize vibration effects and qualities via specific low frequencies, pulsed sound, pulsation, scanning, and directional sound movement. FFM units play any recordings although vibroacoustic effects may be limited with commercial music. FFM models are capable of responding to a wide range of frequencies as well as overtones produced by the music.
FFM models are the lease expensive systems and, because they are easy to use, offer a wide range of applications in medical and wellness facilities. These unite provide multiple benefits derived from relaxation but are limited in specific treatment capabilities.
SLF systems are designed to provide relaxation and treat pain and disorders with vibrations generated by selected low-frequency sounds. Both Skille's VibroAcoustic device and Lehikoinen's physioacoustic models are SLF systems. These designs focus on sinusoidal sound waves within a range of 20 to 135 Hz. Frequencies are computer-generated during treatment or are prerecorded.
Processed vibrations are administered with or without accompanying music. When music is used, it is generally slow, harmonious, and relaxing. SLF unites use pulsed sound waves or pulsation, scanning, and directionality.
Some SLF systems are capable of measuring vibration parameters at the sound sources but no models have been developed that measure or monitor doses received at the vibratory surfaces. Skill and therapists who worked with his methods gathered a large amount of data on SLFs effectiveness for use in reducing tension, physical therapy, pain management, and treatment of various disorders.4 Some contraindications have been experienced I the use of low frequencies,5,13 which have not been noted in FFM and QMV designs. The SLF systems are not currently available in the United States but a new version of the physioacoustic device is being released in early 2004.* The most complex technology, QMV, represented by Chesky's Music Vibration Table10,21 is intended to be used to treat pain and other disorders. The MVT is uniquely designed to ensure that measurable and repeatable vibratory doses are delivered to patients. Quantification of the soundstimulated mechanical vibration dose is made at the vibrating surface.
The MVT has three important features: (1) is the ability to quantify and monitor vibration parameters at the delivery point rather than the source point (vibration measurement parameters are based upon National and International Standards for HumanVibration11). (2) The technology allows for controlling frequency characteristics and for selected frequencies to be equalized and profiled. This minimized the chance of exposing a patient to one or more frequencies at a higher level than others and provides for measurement and application of frequency-specific vibration doses especially at 60 to 600 Hz.11 (3) Th system has improved membrane resonance and more even distribution of vibration across the vibrating surface, increasing dosage accuracy. More research of the QMV concept is necessary to develop it for medical use.
Vibroacoustic Applications in Medicine Relaxation
Relaxation and resultant anxiety reduction have been continuously noted as significant outcomes of vibroacoustic therapy by technology designers and researchers. At the 1994 National Association of Music Therapy conference in Los Angeles, California, George Patrick, Ph.D., chief of Recreation Therapy at the National Institutes of Health (NIH), presented the theory that vibroacoustic therapy triggers the relaxation response6 and that this state is responsible for many stress-mediated medical and nursing care benefits of vibroacoustics.
Dr. Patrick developed a relaxation program in 1992 at the NIH Clinical Center that included Somatron FFM vibroacoustic therapy. This program has since been used to treat more than 15,000 patients. † Dr. Patrick gathered data on vibroacoustic treatment effects from 267 patients with a wide variety of medical conditions including cancer; heart, lung and blood disorders; infectious diseases; and mood disorders. Vibroacoustic therapy improved patients' perceived levels or relaxation by 33 percent and here was a 54-percent combined reduction of patient-perceived intensity of symptoms of pain, tension, fatigue, nausea, headache, and depression.
Additional research has yielded similar results. Nurses in the chemotherapy unit of Jupiter Medical Center, Jupiter, Florida, reported reduction of anxiety by 62.8 percent in 41 vibroacoustic sessions with 27 patients who received chemotherapy for cancer.7 Fatigue was reduced by 61.6 percent.
In a study with 33 patients who underwent knee replacement or revision, and who received SLF physioacoustic treatment during presurgery preparations, there was a 21-percent decrease in tension. 23 Patients with Rett syndrome responded to SLF vibroacoustics with increased relaxation, reduction of anxiety, and reduction of hyperventilation and syndrome-related behaviours.
Positive affective responses produced by vibroacoustic treatment have been noted in patients with physiologic disorders. 27, 28 In a study at the Clinic of Psychiatry in Helsinki, Finland, researchers used physioacoustic treatment successfully to reduce anxiety, tension, and psychosomatic pains.
Physical Therapy
Vibroacoustics has a long history of experimentation in physical therapy. Treatment benefits include reduction of muscle tones, increased ROM, reduction of muscle spasticity, and sensory stimulation for patients with severe disabilities.
Skille began his research with children who were severely mentally and physically handicapped. By 2001, Skille and other therapists has gathered data from more than 40,000 hours of treatment. Many of the results found were related to benefits derived from reduced muscle tenstion.
Research on muscle spasticity on patients with cerebral palsy found that SLF treatment could reduced high muscle tone and accompanying movement restriction caused by increased rigidity and stiffness in these patients. ROM was also increased with treatmen and relaxation induced by vibroacoustic treatment resulted in reduced muscle spasms. SLF is also considered to be a viable treatment for fixed deformities for certain patients with cerebral palsy and may curb the development of fixed deformities.3 People with Rett syndrome also benefit from relaxed muscle tone and experience improvement in muscle control with vibroacoustic treatment .
Vibroacoustics for increasing ROM has expanded into other medical areas. Research at Duke University Medical Center, Durham, North Carolina, using SLF Physioacoustic treatment for patients, over age 55, during physical therapy following total knee replacements showed greater passive ROM. Of 9 patients who were given the experimental treatment, 66 percent were able to achieve a 90-degree bend compared to 44 percent of the 9 control subjects.
Surgery and Other Medical Procedures
Vibroacoustic research and experimentation in surgical units and procedures areas has recently been undertaken with SLF and FFM systems. A study with 33 patients who underwent knee replacements or revisions produced a 21-percent reduction of tension after patients received SLF physioacoustic treatment postsurgically. Subjects in the experimental group went home an average of one half-day earlier, used fewer mg of pain medication, and expressed more satisfaction with the care they received than did control group subjects.
Heart surgeons have used SLF physioacoustic therapy during cardiac surgery recovery. Ina study using SLF treatment, patients' use of sedative and pain medication decreased and average ventilator time was reduced from 17 hours to 7 hours. Time spent in the cardiac surgical unit decreased from averages of 36 hours to 18 hours and overall hospital stay was reduced to an average of 5 days from a 9-day average.
Vibroacoustics has reduced patients' anxiety during medical procedures. Vibrotactile and auditory music reduced agitation and physiologic instability following suctioning in infants with bronchiopulmonary dysplasia.32 Anecdotal reports from the Tampa Children's' Hospital at St. Joseph's, Tampa, Florida, from 1990 to 1997, using a specially designed vibroacoustic examination table for a various procedures noted that infants increased time spent in a quiet, alert state and had higher oxygen saturation levels.
Research at Dallas Children's' Hospital, Texas, is underway to determine the effectiveness of vibroacoustics for distraction during biopsies, aspirations, portable catheter maintenance, and other procedures. Nursing staff members have reported seeing lowered anxiety levels in patients during these procedures when vibroacoustic treatment was used.
Research is being conducted to compare vibroacoustics with other distraction mediums and to quantify the degree of anxiety reduction. Research is also ongoing at the Women's' Diagnostic Center in Jupiter, Florida, where FFM treatment is used before breast-cancer biopsies. Experimental variables include anxiety levels and amounts of Valium requested and/or used.
Pain Management
Vibroacoustic therapy has produced significant gains in pain relief and management. Dr. Patrick's NIH program evaluation produced a 63-percentreduction of perceived pain and he has suggested that this pain relief is relaxation-induced.6 Patients in chemotherapy with FFM vibroacoustics have experienced 61-percent reductions of pain, probably via the same mechanism.
QMV technology was used for pain reduction with patients who have rheumatoid arthritis. Patients who listened to music while experiencing music vibration had a 64-percent reduction in pain while patients receiving only music had a24-percet reduction in pain and a placebo group experienced a 2-percent increase in pain.
Research has also been conducted with SLF technologies producing pain relief for 25 patients in a hospice. Patients who received vibroacoustic treatment used significantly less medication in 48 hours, experienced less discomfort, and reported lower pain intensity than did controls.
Twenty (20) women at Duke University Medical Center who had surgery for ovarian, endometrial, or cervical cancer experienced significant pain reduction with treatment.
The nonpharmacologic nature of vibroacoustics makes this treatment an important painmanagement tool. While it may not work in every instance, it is a promising complementary method that may reduced the need for pain medication and provide a pleasant alternative to medication. The ease of use and implementation of the FFM models makes vibroacoustics a promising nursing care practice.
Additional Applications and Comments on Research
Additional positive effects have been found by Wigram and others in extensive reviews of vibroacoustic research and cast study data, including the technique's ability to: · Stimulate blood flow throughout the body making pressure sores and ulcers heal faster · Reduce swelling caused by excess tissue fluid · Ease sore ad aching muscles, alleviate high-and low-back pain, and alleviate stiffness in joints by improving joint motion1
Anecdotal information indicates effects on pulmonary disorders including asthma, cystic fibrosis, pulmonary emphysema, and metachromatic leucodystrophy.
Some research to date has been derived from anecdotal evidence, case studies or program evaluations that used no control groups. In addition, not all research methods incorporated standards of vibration parameters and may have used equipment without capability for specifically measuring doses.11 Certainly, additional research is needed, especially studies that will use standardized measurements and appropriate statistical analyses.
Some studies indicate that vibroacoustics may not work for treating certain medical conditions or for all patients. While these studies have not been duplicated and changes in methods may provide effective treatment, it is worth paying attention to this research.
Patients with idiopathic Parkinson's disease experienced no improvement in disease symptoms but had moderate advancement in motor abilities and ability to perform tasks of daily living. 41 Patients with fibromyalgia experienced no significant changes in perception of pain with vibroacoustics but were able to tolerate greater pressure on tender joints.
Anxiety levels in two learning disabled students were significantly different in one case study.43 A study that compared vibroacoustic treatment during physical therapy with music and movementbased physiotherapy showed that vibroacoustic treatment did not have a greater effect on ROM improvement.
Vibroacoustic therapy offers an important treatment option for many disorders, symptoms, and pain situations but there are factors that may make the treatment less effective in some instances or with certain individuals. A consideration is that vibroacoustics is passive and isolates patients during treatment. When interaction or activity are important, vibroacoustics may be less effective or useful as a secondary treatment.
Conclusions
Vibroacoustic technology is an effective treatment for relaxation, anxiety reduction, muscle-tension reduction, and pain management. Vibroacoustics has potential for treating disorders and for use during medial procedures. The method is effective for a wide variety of medical and wellness programs and has promise for others. The technology of vibroacoustics has evolved to provide greater understanding of how it works but continued development of technology and research on effective protocols and dosages is necessary to meet this technology's full potential.
